The time sequence analysis of the starch digestion pattern of the thin sectioned germinating rice (Oryza satva L.) seed specimens using the starch film method showed that at the initial stage amylase activity was almost exclusively localized in the epithelium septum between the scutelium and endosperm. Starch breakdown in the endosperm tissues began afterward; amylase activity in the aleurone layers was detectable only after 2 days. Polyacrylamide gel electrofocusing (pH 4 to 6) revealed nearly the same zymogram patterns between endosperm and scutellum extracts, although additional amylase bands appeared in the endosperm extracts at later gennination stages (4 to 6 days). These are presumably attributable to the newly synthesized enzyme molecules in the aleurone cells.
Germination of starchy cereal seeds is of classical interest in plant biological research. Despite extensive investigations in a variety of disciplines (e.g. anatomical, physiological, biochemical, and enzymic), the precise nature of starch breakdown is not entirely clear. Although there is a good possibility that each specific cereal seed has its characteristic machinery for hydrolyzing reserve materials, so far no unified mechanism has been presented in different kinds of cereal seeds relating to the enzymic hydrolysis of reserve starch.
Based on histological observations of germinating barley seeds, Brown and Morris (3) reported in 1890 that the site of synthesis of diastatic enzyme is in the epithelium of the scutellum; since then this unique feature of the epithelium has received much attention by several investigators (17, 23) . In 1960, Dure (6) reported that in germinating maize seeds, the site of a-amylase (EC 3.2.1.1) biosynthesis was restricted to the scutellum, whereas /3-amylase (EC 3.2.1.2) was localized in the endosperm. The crucial role of embryonic tissues (including the scutellum) in the digestion of starch of germinating cereal seeds has been proposed by several investigators. Briggs (2) reported that in malt, the aamylase activity located in the embryo occupied about 7% of the total activity of the seed, and that 6.5% of the endospermic aamylase was of embryonic origin. The (9, 14, 19, 20) . The important role of aleurone layers in the enzymic starch digestion revealed by such studies appears to be consistent with the classical report of Linderstr0m-Lang and Engel (13) , dealing with the ultramicroscopic examination of amylase localization in malt. The over-all picture is not necessarily consistent with the above described pattern of starch digestion initiating at the embryonic tissues, studied by previous workers. In work reported in this communication, we attempted to reexamine, employing a starch film technique, the initial site of amylase formation in germinating rice seeds. (22) . At the end of incubation, seed specimens were removed and the glass plate was immersed in an acidic I2-KI solution. Areas having amylase activity were decolorized on a blue-brown background.
MATERIALS

RESULTS AND DISCUSSION
We first determined the time sequence changes of a-and /Bamylase activities in each of the scutellum and endosperm samples during germination of rice seeds (Table I) . On day 2, a-amylase activity in the endosperm, determined by the blue value method, was approximately seven times higher than that in the scutellum, whereas 83-amylase activity in the endosperm, assayed by the reducing value method, was four times higher than that in the scutellum. As germination proceeded, enzyme activities in the endosperm continually increased, while those in the scutellum did not change greatly during germination; scutellum /8-amylase activity showed a gradual decline.
We then examined the specific localization of amylase activities by means of the starch film technique. At an early stage of germination, about 12 hr after seed imbibition, amylase activity was almost exclusively localized in the epithelium (Fig. 1) (Fig. 2) . Mixing the two extracts did not alter the band patterns (data not shown). Some features merit description from the results of the zymogram analysis. In contrast to a relatively uniform enzyme pattern in the scutellum during the 2-to 6-day incubation (except for one additional band appearing below A on the 4th day) it was apparent that the endosperm tissue band C, together with several additional bands above band C, intensified in the late stages of germination. Our previous studies with endosperm tissues indicated that bands A and B are a-amylase while band C is fi-amylase (18) . It is evident from results shown in Table II that band C cannot attack fl-limit dextrin, showing characteristic f8-amylase property. The lower yield of reducing sugar (maltose) in bands A and B, in comparison with that in band C, indicates that the former two amylases are of the endo-type whereas the latter is of the exo-type.
We previously reported (22) that amylase patterns on isoelectric focusing gels were nearly the same between GA-treated embryoless rice seeds and the embryo-attached half-seeds. The present experiments show that in the very initial germination stage (12 hr after imbibition), amylase activities were almost exclusively localized in the epithelium, suggesting that enzyme biosynthesis in situ Samples of 100 each of scutellum and endosperm tissues, dissected after 2, 4, or 6 days of germination, were homogenized as described in the text.
Eluates from a Sephadex G-25 column were assayed for a-and 0-amylase activities; data presented in the table are the averages of duplicate analyses. were freeze-sectioned and applied to acrylamide gel film containing soluble starch. After incubation, tissue sections were removed from the starch film and the supporting glass plates were placed in the 12-KI solution for resolution. At stages day 0.5 and 1, sections were made as follows: A: median longitudinal section along the axis dividing seed into two mirror images; B: median longitudinal section along the axis separating the germinal side of seed from the abgerminal side; C: transverse section through the scutellum. Other experimental details are described in the text.
is in this specific cell region. A massive amount of experimental data has accumulated that shows the production of a-amylase to be induced by GA in the aleurone cells of barley seeds (5, 7, 9, 10, 11, 12) . There is doubt concerning whether or not similar mechanism(s) operate in other germinating cereal seeds. Although it appears that GA occupies a crucial role in amylase formation in starchy seeds in general, some circumstantial evidence indicates that starch digestion begins from the site adjacent to the embryo (3, 23) .
The previous research and our present results raise the following questions: (a) Are the scutellar amylase(s) identical to those from the endosperm? (b) Are the scutellar amylase(s) induced by GA? Concerning question (a), the present experiments strongly suggest the epithelium to be the site of initial enzyme formation in the embryo, and also indicate that the epithelium has a more important role in the hydrolytic digestion of starch reserve than do the aleurone cells. It is established that in the later germination stages amylase activities develop in the aleurone cells (Fig. 1) . The newly formed amylase bands detectable above band C after 4 days on the gels (Fig. 2) Crude enzyme was prepared from scutellar tissue as described in the text. Enzyme properties in crude extracts were determined from the zymogram patterns of the gel electrofocused samples (cf. Fig. 2) . In experiments testing enzyme stability, the symbol (+) indicates that the enzyme was resistant to various treatments, whereas (-) signifies that the enzyme activity was inhibited. In experiments to test substrate susceptibility, (+) signifies that the enzyme band appeared on the zymograsm. Reducing power of amylase bands A, B and C, represents the amount (mg) of maltose molecules produced during the assay period, in which one half of the original soluble starch was hydrolyzed (see text). (14, 19, 20) . It is likely that GA first takes part in amylase formation in the epithelium, later diffusing to aleurone cells where GA induces the de novo synthesis of additional amylase molecules (after the 2nd day).
In contrast to very thorough investigations on a-amylase formation in germinating cereal seeds, the nature of,-amylase biosynthesis and its role in the reserve starch digestion are relatively unexplored. In barley and wheat seeds, it has been demonstrated that ,B-amylase molecules exist in association with the protein in the endosperm tissues (21, 24) . It is now found that /-amylase (band C) exists in the scutellum of germinating rice seeds; it is presumably synthesized in the epithelium. Since 83-amylase activity was found to increase in the endosperm tissues as germination proceeded, it is intriguing to explore further the mechanism(s) of /3-amylase formation and activation.
